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(57) Abstract: 

PROBLEM TO BE SOLVED: To prevent the via 
poisoning phenomenon from occurring in a flattening 
process of an intermetallic dielectric body in a 
semiconductor device having a surface shape of 
sub-micron size. 

SOLUTION: Size are subjected to a gap an intennetaltic 
. dielectric body flattening process of sub-micron size for a 
via 72 and interconnections 58 and 80 and the like 
employs spin on glass(SOG) process of confomnal 
plasma enhanced tetraethyloxysilane(PETEOS) 68 and 
hydrogen sil-sesquioxane(HSQ) 66. A baking process is 
carried out in an oven before metal Is deposited, 
whereby via poisoning can be prevented. Therefore, an 
intemietallic insulating layer forming method of this 
constitution is suitable for applications to a sub-micron 
CMOS and a BiCMOS process and other processes 
employing at least a double metallic layer related to the 
manufacture of digital signal processors, memories, logic 
circuits, and integrated circuits for specific uses. 
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(Partial Translation) 

[Claim for Patent] 

[Claim 1] A method of forming a flat 
intermetallic dielectric layer to cover an 
interconnection pattern on a wafer, comprising: 

providing a substrate having an electrical 
interconnection pattern thereon; 

forming a first dielectric layer to cover said 
interconnection pattern; 

forming a second dielectric layer containing 
silicon, from a composition containing inorganic 
silicon, different from said first dielectric layer, tc 
cover said first dielectric layer; 

forming a third dielectric layer different from 
said second dielectric layer to cover said second 
dielectric layer; 

etching at least one via in said first dielectric 

layer ; 

heating said wafer to a temperature between about 
350°C and 400°C; and 

depositing metal in said at least one via to 
cover said first dielectric layer. 

[Detailed Description of the Invention] 

[ 0001 ] 

[Technical Field that the Invention Belongs to] 
The present invention relates to a process for forming 
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a flat intermetallic dielectric layer for an opening of 
submicron size, more specifically, to a process for 
forming such an opening, characterized by suppressing 
generation of poisonous character. 

{ omission ) 

[ 0004 ] 

[Problem that the Invention Is to Solve] For a 
minute multilevel interconnection circuit, both 
inorganic and organic layers deposited by a spin-on- 
glass (SOG) process came to be widely used. The 
deposited dielectric layer is generally exposed to an 
etch-back process for further flattening the surface- 
But, this process of etching back a layer adds one 
process to the deposition process of each layer, and, 
as a result, increases in cost, and may decrease the 
yield of products. Inorganic SOG can be flattened by 
heating and avoid the above etch-back process, but 
there arises another problem of process direction to 
intend to make a compromise with the object of ILD 
flattening. For example, if an ILD layer is exposed to 
O2 plasma on photoresist removal used attendant upon 
via formation, H^O harmful to a related metal layer may 
be absorbed in the layer. 

[0005] Further, if organic SOG is exposed in a 
via, SOG contains moisture and other matters outgassed, 
and they cause a high resistance produced in a via when 
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a conductive metal is sputtered in the via. This 
problem is known as "via poisoning", and arises in case 
of using spin-on-glass based on methyl siloxane for 
gap-filling and flattening of an integrated circuit 
with multilevel metallic interconnection- The quality 
of a tungsten deposition deposited in a via in which 
such organic SOG is exposed on a via side wall, by 
vapor deposition process { CVD ) . is severely controlled, 
and often brings about an incompletely filled via, a 
high-resistance via. or a metal growth (hillock) from 
the upper portion of the via to make a short circuit 
with another metal line. It is supposed that the 
organic part of organic SOG takes some inverse reaction 
on the tungsten source material. Discussion on 
obstacles other than this encountered in case of 
depositing an insulating semiconductor interlayer, will 
be found in the specification of US Patent No. 
5,413,963 dated May 6, 1995, quoted here for reference. 

[0006] One ordinary solution to the problem on 
via poisoning is to perform partial plasma-etch-back to 
SOG and leave SOG only between metal leads and along 
the sides. In this solution, it is required to deposit 
semiorganic glass to cover the whole surface of a wafer, 
and be etched back in a plasma etcher. This process is 
very slow and very "dirty", and leaves many particles 
that may be obstacles in the following wafer processing 
steps, on the wafer, and besides, not uniform. In 
other methods, there is one using a thinner SOG coating. 
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that is a method of, e.g., displacing the via to a 
thinner portion of the SOG layer, or using together 
careful cure, etch, via baking, and a metal deposition 
process, but the degree of success is not sure. 

[0007] Judgement standards of ILD structure are 
defect level, complexity of process, electrical 
characteristics, and ability of flattening, in general. 
All the above categories are fields in which fluid 
oxide is expected to be hopeful. The fluid nature of 
fluid oxide material is attractive on the point that it 
can simplify the ILD process, and display gap-filling 
and flattening performances without exception. An ILD 
process based on fluid oxide in combination with 0.7 
micron technique proved superior flattening in 
comparison with at least either of plasma - enhanced 
tetraethyloxysilane { PETEOS ) oxide deposition and etch 
process. But, greatness of wet etch speed of HSQ makes 
via etching complex, and desirable via side slope of 
champagne grass shape can not be formed only by wet 
etch process. Another process is required instead of 
it, it is connected to increase in expenses, complexity 
and time attendant upon device manufacturing. 
[ 0008 ] 

[Means for Solving the Problem] Provided is a 
process for executing intermetallic dielectric body 
(ILD) flattening using hydrogensilsesquioxane (HSQ) 
spin-on-glass (SOG) and conformal plasma- enhanced 
tetraethyloxysilane (PETEOS) to a gap of submicron size 
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such as a via having an interconnection of sputter 
metal and the interconnection. The present invention 
is suitable for processes in relation to manufacturing 
integrated circuits for specific applications as the 
matter of course, digital signal processors, memory 
devices, and logic circuits, and additionally, 
employing in submicron CMOS and BiCMOS processes using 
double metallic layers at the lowest. The via 
poisoning phenomenon that hitherto arose in case of 
forming an interlevel connection such as a via or a 
similar structure could be reduced by modifying the 
process after the interlevel connection or via etch 
cleansing process, and completely removing water 
molecules, an organic cleansing solvent such as 
isopropyl alcohol, and an complex formed between HSQ 
residues in an interlevel connection cha.nnel. 

(The rest is omitted.) 
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